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(54) COMPOSITE MATERIALS AND MODIFIED FIBRES 

HI) We KJELD HOLBEK, a Danish subject of Lejrevej 74, DK-4320 Lejre 
Denmark do heiSKeclare the invention, for which we pray that a patent may be granted 
2!n5£2&^35S it is to be performed, to be particularly described » and by 

< "rSSSKfSV* composite materials and modified fibres; more particularly it 5 
relatel to mS mterials comprising certain cellulose-containing fibres winch .are 

25 defibrated immediately subsequent to the "Wfjg , hate pulp fibres , sulphite 
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an impregnating agent dissolved in a volatile solvent at a temperature J»st belowr thebo hng 
point of the sllvlnt. The solvent may, for example be methylene chlonde. ^ ethylene 
trichloride, 1,1,1-trichloroethane or fluoro-tnchloromethane. Impregnation by this method 
offers the advantage that the solvent is easily and quickly removed from the impregnated 
5 cellulose-containing fibres, thus avoiding the fire hazard of the use of conventional 5 

hi C-^^ P^^on agents include: mixtures of copper salts 

in caibolineum (anthracene oil), combinations of zinc salts and creosote, sate of mercury, 
e.g. mercuric chloride, mixtures of mercuric chlonde and copper sulphate with either zinc 
10 chloride or sodium fluoride, fluorine, e.g. mixed solutions of soldium fluoride and zinc 10 
chloride, Wolman salts (generally considered to be formulations, containing fluorine 
chromium arsenic and phenol components (FCAP ), or fluonne/chromiuin/arsenic 
Smpoundk (FCA), zinc, e.g. basic zinc salts, zinc chloride, chromated zinc chloride 
(CZ§? copperized CZC (CCZC), copper, e.g. copper compounds, such as copper 
sulphate, copper/chromium/boron (CCffi mixtures, copper/cnromiuin/anenic (CCA) 15 
mixtures the so-called CCP mixtures wherein the arsenic contents of CCA has been 
redact bv phosphorous compounds, tin, e.g. triorganotin compounds m emulsified or 
ZRWSSdi as tripheV? and tributyltin compounds ^, 
or tin compounds together with silicon, germanium or lead, (heavy) metal ^ 
nhosnhate esters or metal sate of organic compounds, such as copper pentach orophenate, 
5^nS3K,^^*hydrJ^iiol«t, zinc naphthenate or pentachlorophenate, 
Sthenate or mercury compounds, such as ethyl mercury chlonde, sulphate, 
SoS5T5»Se or phenol morcury acetate or preferably oleate, or the above- 
mentioned oreano tin compounds in an organic solvent, 

On? type impound which has been found especially interesting as an impregnation 
aeent foKSng to the present invention, either alone or in combination wi fiother 
S™ttai agents, is the so-called "metal oxide acylates". which a type of 
impound SSSd b| Dr! Jacobus Rinse and fift^J$ 
kt« «<; oao WAth#»rl£n/te Patent No 104*261, U.S. Patent Nos. J,Uo/,yHy, 

and 3,673,229 and Belgian Patent 30 
lil tS W ' S U K SntNos'S,4i2 and 1,274,718. The metal oxide acylates are 
be°lieSd ^a^fo ^cbSta* ^ the hydroxy groups of cellulo^ontaimng 
fibres resulting in the attachment of a metal acylate group via an oxygen bridge. Metal 
mav te DreDared from a variety of metals and it is also possible to prepare 
°Jtt offifcK Tcoffing more than one metal in the molecule, fence, metal px.de 35 

?!SSS Ifor tie present purposes as hydrophobics agents (^minium 
™S£ : «ich las aluminium oxide tallate or aluminium oxide stearate or titanium 
oride acv aS' such as SZ oxide vlrsate), biocidal metal oxide acylates such as 

cSroxK^ 40 
40 « antimonv-oxide acylates. Further interesting metal oxide acylates for the present 40 
plirpoS a7e oxide acylates of chromium, iron, manganese, and ™™- Sto °xide 
Wa£r 9 rf. suitable The oxide acylates are generally soluble in organic solvents ana 
S, taaKfo!tap«^Son ,Srfngly.!n conformity with the above-menttonrf 

agent, such as aluminium or titanium oxide acylate. 

50 The. main Duroose of the present invention is to provide fibres which may be used as 50 
suSftuC ^KoTgaSlres in various tvpes of products and especially one ^bject of 
Sroresent invention is to provide cellulose-containing fibres which may be used as 
ttSS VasKs I products conventionally ^^jf^t^oStiSrS 
cement products and brake linings, packings, gaskets seals and w ashers . 

55 impregnated cellulose<ontaining fibres may also be used for aw de ange of other 55 
applications in which the modified and improved iTCpert«fl^8«dWBa. 
hn<» r>f the most important desired properties of the modinea ceiiuiose nores a «m 

S tn155t r ^ ™tion is that the impregnation 

im^ Whe S 8 c«e-containing fibres, improved property with respec to the 
65 uXpo'ration thereof in a matrix containing an inorganic binder, such as cement. This ,s 
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believed to be the case especially for impregnation agents which are capable of reducing die 
inherent capability of the cellulose fibres to attach to each other via hydrogen bonds. If a 
sheet of the impregnated cellulose fibres is formed, dried and the strength of the sheet 
determined, the less bonding between the impregnated cellulose fibres in the resulting 
sheet, the more inert is the impregnated fibre and, it is believed, the more suitable for 5 
incorporation in inorganic binder matrices and other purposes where the fibre ts to 
substitute inorganic fibres, such as asbestos. 

One advantage of the impregnated fibre is that it may be used as a substitution for 
asbestos in existing asbestos cement-producing machinery, such as Hatschek and Magnani 
machines, but the impregnated fibres in the form of pulp fibres may also e.g. be 10 
incorporated in webs formed on a paper-making machine. Thus, one utility of the 
cellulose-containing fibres is the application thereof as partially or completely inert fibres in 
the process described in Belgian Patent No. 861,518, i.e. the fibre may be used to 
substitute, fully or in part, the mineral fibres used in some of the compositions described. 
Thus for example, the fibres impregnated with wood-preserving metal compounds may be 15 
used for partial or complete replacement of the mineral fibres in the carpet or flooring 
backing compositions disclosed in the above. Other composite materials in which , mineral 
fibres may be wholly or partially replaced with the fibres are roofing felt, wallpaper, 
laminated boards, brake linings and other composite materials of the types disclosed in the 
20 above as well as similar composite materials prepared by other methods, including dry 20 

"Thelmpregnated fibres may also be used as replacement for glass fibres as reinforcing 
fibres in composite materials with an organic binder matrix . such ^ Waster anS 
' eDoxvDolvester In this case, a web or fleece of the impregnated fibres may be either a dry 
25 or^t merhod, using a suitable binder, anaioguously to to the preparation of webs or 25 

^m'enti^^ ceUulose-containing fibres may be produced by a 

pxo^TSS^TimvTC^Vt^ ceUulose-containing fibres with at least one of the 
wood preservation agents by a 6 vacuum and/Or pressure impregnation ^technique. This 
30 S£ess may be performed in a manner which is known in connection with wood 30 
SSemS The P celluIose-containing fibres to be impregnated may be in any dm*d 
E such as granulates, sheets, rolls, bales or, when the fibres » «mp«gMga« 
waste fibres simply in the form of paper waste or cardboard waste. If the impregnation is 
Sorme^ 

35 SSdrftaa&m may be performed immediately subsequent to the impregriaton ^ ° u * 
any intermediary drying stage. The impregnation technique may also ^combined wi& toe 
orenanttion ofZptl pulp, in which case, for example, impregnation with water-borne salte 
JlaceTa stage subsequent to taking up the pulp on the wire, but pnor to i the 
dnlne In this case, *T equivalent of a vacuum/pressure treatment may be obtained I by 

40 Sg the webTo a low water content before it is passed through the impregnaang bat£ 
SStively, impregnation in connection with, paper production may, of course, be 
Derforroed bv impregnating a roll of dried pulp in one of the manners described above. 
P ^T!moSt ofSegnalng agent in the hnpregnated fibres is usually at least 1 percent 
by weffcalcula^ ofdry fibre weight, anS usually at least 5 percent, by weight, and 

45 ° ft ^fcb^ mat ±VXln in 2f WoXlSft 

^^^^^ 

weigh ; and the amount of the impregnated cellulose fibers mar rypicallv be from I to 75 
50 oerceni by weight, more typically from 5 to 5C (percent, by weight, and often from 10 to 20 50 
£3 $ 3ht of the composite material. The composite material may, ui addition to a 
£E*5E contain othe/inorganic material, such as puzzolan for example m*i 
amount of from 2 to 20 percent, by weight, calculated on the we Ig ht of the cement, fly ash, 

55 61 Other composite materials with an inorganic binder which may be made using the 55 
imprecated fibres are materials in which the binder is a calcium silicate : or jite ter and the 
relative amounts of these inorganic binders and the impregnated fibres may be the same as 
stated above in connection with cement-bound composite materials. 
Composite materials incorporating the impregnated fibres may ako ^contain berth an 

60 inOTEamcbinder and an orgarnc binder. Especially suitable organic binders for this purpose 60 
Sdvmer materials c»i£tituted by solif discreet particles or fibres having polymer at 
leasfaSf smfac^s hereof the polymer being a water-insoluble solid synthetic polymer 

whichls^^^^^ £ 
detail in above-mentioned Belgian Patent No. 861,518. The amoimt of such polymer in 
65 composite materials also containing an inorganic binder is usually from 1 to 30 percent, by 65 
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A Washing with hot water (30°C) for 2 hours under simple stirring with a propeller, the 
fibre concentration being approximately 2 g/litre water. 
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weight, calculated on the total weight of the composite material. , 

In accordance with what is stated above, a process for preparing a composite material 
using the impregnated fibres may comprise incorporating the impregnated cellulose Hbre 
material dispersed in water, and when this process is used for preparing a composite 
material containing an inorganic binder, such as cement, the effective retention and 3 
flocculation of the system is obtained by using a polyelectrolyte, in accordance with the 
principles disclosed in the above-mentioned reference The polyelectrolyte is preferably of 
the neutral or cationic type. Accordingly, one aspect of the present invention relates to a 
composite material comprising the impregnated cellulose-containing fibres and additionally 
comprising a polyelectrolyte. A polyelectrolyte may also be a useful flocculation agent in 10 
the composite materials which use an organic binder, vide the disclosure of the 

above-mentioned reference. .... . . . „. „ 

When a polymer which is film-forming on heating is incorporated in the composite 
material also incorporating an inorganic binder, a suitable method of preparing such 
15 composite material comprises subjecting the resulting material, after the shaping to the 
desired configuration, to a treatment eliciting the film-forming properties of the polymer. 
The treatment eliciting the film-forming properties of the polymer may be performed after 
the curing of the inorganic binder, or the treatment eliciting the fihn-formmg properties ot 
the polymer may be performed prior to curing of the inorganic binder, and, subsequently to 
the Sng of the fum-forming properties of the polymer, the amount of water necessary 
for curing the inorganic binfer may be addetf, whereafter the final curing may be 
performed. Another possibility is to combine curing of the inorganic binder and ehcitmg of 
the film-forming properties of the polymer in one treatment, for example in autoclave, 
depending upon the particular binder and polymer used. . .. , _ 

V/hen composite materials using the impregnated fibres arid with an inorganic binder are 25 
produced by a wet method, another possibiflty for obtaining unproved dispersion of the 
impregnated fibres is to use an oil as dispersing aid, possibly rom ^ ne ^t^t^ in 
polyelertrolyte. The oil may suitably be a non-drying oil which may be added to the fibres in 

30 ^The topreied Slose-containing fibre materials may be defibrated by conventional 30 
methods, for example wet defloration in a pulper, or dry defloration. 

In the present context, the term "hydrophobizing agent" is intended o designate not 
only agents which impart true hydrophobicity to the treated fibres, but also agents which 

chin^S^^ 35 
35 In the present context, the term "cement" is intended to designate both portland cement 35 

types and the other inorganic cement types. 

E Unbleached sulphate cellulose fibres in sheet form were impregnated with a CCA agent 
comjosition: arsenic, chromium and copper ^mpoiinds XTKL^X n 
ing to AszOs: 34.0%+2%, Cr0 3 : 26.6%±1.5%, CuO: 14.8±1%, H 2 0: 26.6%±4%) in 
two different ways: 
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50 



The specimen was evacuated to about 60 mm Hg with a water jet air pump and was 
left for 20 minutes in the impregnating liquid, whereafter the pressure was raised to 
atmospheric pressure and the specimen was left for a further 20 minutes. 

II The specimen was evacuated to approximately 60 mm Hg, and the pressure was 
again raised to atmospheric pressure. This cycle was repeated 20 times within 20 
50 minutes, whereafter the specimen was left for a further 20 minutes at atmospheric 

pressure in the impregnating liquid. 

The water content of the fibres impregnated according to method I or II was determined 
bv weiehine during drying until constant weight at 105 C. 
55 y T^eSp^r,chro 6 miu]nakd arsenic contents were determined m Uie dned = ^ 55 
known quanti y of impregnated fibres of specimens I and II were beaten, that is d^persed in . 
water by means of a bfender. Specimens were taken out for washing out experiments. 
Sng oS e^dmente were pe^rmed on the beaten fibres impregnated accord.ng to 
method I or II by the following two methods: 
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In dilutine the beaten specimens for the washings, there was corrected for the initial 
water content of the specimens, and hence, the below-listed concentrations of fibres in 
25 washing liquid represent dry fibres. 

Fibre concentration in the washing experiment. 
Washing A 2.21 g/1000 ml 2.12 g/1000 ml 

30 

Washing B 5.36 g/500 ml 5.14 g/500 ml 



10 



B Washing at 20°C for 24 hours with a calcium hydroxide solution at pH 12.0 under 
simple stirring with a propeller, the fibre concentration being approximately 
10 goitre solution. 

5 After the washing experiments, copper, chromium and arsenic contents were determined 
in both the washing liquids and the washed fibres. 
The water concents in specimens I and II and the results of weighing of fibres are listed in 

T The results of the determinations of the copper, chromium and arsenic contents are listed 
10 in Table II below. The figures are in mg metal per g dry fibre used. 

TABLE I. 

Fibres impregnated according to Method I Method It 

15 

Water content in fibres 57.1% 58.9% 

Beating of specimens (moist) 100 g 50 g 

20 • inwater ' in 200 ml in 500 ml 20 
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5 lut^£^SnS^ water according to method A, part of the cooper 
chronSn ^d aS contents in the fibres was washed out, mostly from the fibres 

^EXSdriS 'exSlrimente^^lcium hydroxide solution according to method B 
vatiot* methods, as stated to ft; ^J^j^^S!SSLS\vxS?iS^L 

srs^»S££ last s*«- * &. * ^ - -» 

that She imptapatio. is ■"s™*/ 4 %3?8S the top™ OTtSTit»p™^d to a 35 
pressure after the evacuation. 
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EXAMPLE 3. 

Strips of filter material made of bleached sulphate cellulose were dipped for one second 
in a solution of 7 parts, by weight, of Frigen (Registered Trade Mark) Sll (fluorotnchlor- 
omethane) and 1 part, by weight, of metaloxide acylate containing 30% of white spirit. The 
strips were dried in an oven at 100°C for one hour. The metal oxide acylates used were 5 
titanium oxide stearate (D-14-00), zinc oxide versate (E-12-80, containing only 20% of 
white spirit), aluminium oxide phthalate (C-10-70), aluminium oxide stearate (C-14-70) ana 
aluminium oxide stearate/phthalate (C-10/14-70), all supplied by MOACO S.A., EchaUens, 
Switzerland. The impregnated paper strips, with the exception of the stnps treated with zinc 
oxide versate , showed hydrophobicity, especially the specimen impregnated with titanium 1U 
oxide stearate, and all the impregnated paper strips, including the zinc oxide versate- 
treated strip, showed less elongation upon dipping in water than the controls. 

The strips were defibrated by beating in water in a blender. The zinc onde 
vereate-treated strip was defibrated as easdy as the untreated stnps, while about 50% 
15 longer treating time was required for the defibration of the other metal oxide 13 
acyfate-treated strips. After the defibration, the pulp of aluminium oxide phthalate-treated 
fibres was converted into a sheet in a laboratory sheet former, and the sheet was dned m an 
oven at 100°C for one hour. The resulting dned sheet showed considerably less strength 
than a corresponding sheet made of untreated fibres, indicating little or no chemical 
20 bonding between the fibres. 
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The sheet of the CCA agent impregnated fibres made in a laboratory sheet former and 
thereafter dried (vide Example 1) was dipped into a solution of 1 part of titanium oxide 
stearate (D-14-00 from MOACO S.A.) in 7 parts of Fngen Sll for one second. Thereafter 
the fibrous mass was dried in an oven at 10G*C for one hour. After the drying, the material 
showed excellent hydrophobic properties, in contrast to the CCA agent impregnated fibres 
which had not been treated with titanium oxide stearate. 



30 EXAMPLE 5. 



Sulphate cellulose pulp was impregnated with the CCA agent as described m Example 1 
by method I. The impregnated fibres had a salt content of 5%, by weight TJie r«ult mg 
impregnated sheet of fibre pulp was defibrated in a blender and to the defibrated 
suspension in a quantity conesponding to 40 g of dry matenal consisting of impregnated 
35 fibre was added 160 g of cememW rapid). The quantity of water prese that 
the total content of dry matter, cement + fibres, was approximately U2% by weight. The 
suspension was poured into the chest of a sheet-former, and immediatelv before the water 
walsuctioned oft, a polyeiectrolyte was added in a quantrty of 0.04% , calculated on the dry 
matter. The polyeiecWyte was in one run Prodefloc CI and in another Pradefioc N2M lB v 
40 suction of the water, a sheet was produced having a thickness of approximately 3 mm. Tfie 
sheet was left for curing in a plastic bae which was closed so that no water oouU< evirate 
from the specimen. After culring, theWd was judged to have a tensde strength about 
equal to that of conventional asbestos cement. 



45 EXAMPLE 6. 



Using the same process as described in Example 5, but using 80 g of impregMt^ fibres, 
calculated as dry matter, instead of 40 g of impregnated fibres, a board having a thickness of 
12 mm was produced. 

50 E Us*? the lame process as described in Example 5, but using 160 g of d^ matter 
consisting of impregnated fibres instead of 40 g of dry matter consisting ^ •"predated 
fibres, a board having a thickness of 20 mm was produced, which board had the character of 
a fibre board. The dewatering was in this example somewhat slower than in Examples 5 and 

55 6. 



20 



25 



30 



35 



40 



45 



50 



55 



10 



1 604 910 



10 



20 



25 



20 



25 



The process described in Example 5 was followed, but additionally, 5%, by weight, of 
epoxypolyester powder, calculated on the total dry matter, was added together with the 
cement. After one day of curing in a plastic bag, the board was removed and placed for 
5 drying at 100°C in an oven, and when the board had dried to constant weight, the 5 
temperature was raised to 200°C, and the board was kept for 2 minutes at 200°C. After 
cooling, the board was moistened again so that the cement could continue curing. After 
curing, the board had an excellent tensile strength and a tight, smooth and beautiful 
surface. A similar experiment was performed using a smaller amount of water, wz. a 
10 water/cement ratio of approximately 50. A similar excellent result was obtained. 10 

EXAMPLE 9 

Sulphate celiulose pulp was impregnated with the CCA agent as described in Example 1, 
method I. The impregnated fibres Trad a salt content of 5% by weight. The resulting 
15 impregnated sheets of fibre pulp were deflbrated in a blender and the defibrated suspension 15 
in a quantity corresponding to 8.5 g of dry material consisting of impregnated fibres was 
admixed with 66.5 g of cement (rapid), 30 g of amorphous silica (fly ash from the 
production of f errosilicon) and 5 g of a powder of epoxypolyester (55 % , by weight) applied 
bn 43%, by weight, of Ti0 2 /2%, by weight of BaS0 4 , particle size from 30 to 80 ji. Water 
was added so that the concentration of dry matter in the resulting suspension was about 4%. 
The suspension was poured into the chest of a laboratory sheet former, and immediately 
prior to suctioning off the water, 0.5 of Prodefloc N2M (a polyelectrolyte) was added. By 
suctioning off the water, a sheet was formed which was allowed to cure for about 12 hours. 
Thereafter, the sheet was kept for about 1 hour in an oven at 100°C and subsequently for 
about 15 minutes at 220°C. The resulting board had a smooth surface and showed uniform 
fibre distribution. 

WHAT WE CLAIM IS:- . . , . , 

1. A composite material which comprises cellulose-containing fibres selected from 
sulphate pulp fibres, sulphite pulp fibres, semi-chemical pulp fibres, chemi-mechamcal pulp 

30 fibres, thennVmechanical pufp fibres and mechanical pulp fibres, or waste paper or waste 30 
cardboard fibres, or fibre bundles, saw dust, wood chip, wood wool or synthetic cellulose 
fibres, which are impregnated with at least one agent selected from silicon and metal and 
oxide acylates biodaally-active metal compounds comprising a metal selected from copper, 
mercury, cfiromium, tin and zinc and a binder. . , . A , - 

35 2. A composite material as claimed in claim 1 wherem the fibres are m the form ot 35 
discrete fibres in dry or wet state or in the form of sheets, rolls, bales or granulates. 

3 A composite material as claimed in claim 1 or claim 2 wherein fibre bundles, saw 
dust, wood chin, wood wool, or synthetic cellulose fibres are used. 

4 A composite material as claimed in any of claims 1 to 3 wherem the agent is selected 

40 froin copper naphthenate, CCA agents, CCP agents and other copper-chromium 40 

m P ^wmjpo^^terial as claimed in any of claims 1 to 4 wherein the metal oxide 

a 1?\^ °* hydrophobizing metal oxide 

45 acylate is an aluminium oxide acylate or a titanium oxide acylate. 45 

7. A composite material as claimed in any of claims 1 to 4 wherein the metal oxide 
acylate is a biocidally-active metal oxide acylate. m 

8. A composite material as claimed in claim 7 wherem the biocidally-active metal oxide 

50 a ^ la \ 1S c ompSsite^^ claimed in any of claims 1 to 8 wherein the fibres are 50 
impregnated with both a biocidally-active metal compound and a hydrophobizing and/or 
flame-retarding metal oxide acylate. *u w ^ 

10. A composite material as claimed in any of claims 1 to 9 wherem the binder is an 

55 °1i mC ^°£Ssite material as claimed in any of claims 1 to 9 wherein the binder is an 55 
inorganic j^^.^ material as d^ed in any of claims 1 to 9 wherein the binder is a 

combination of an inorganic and an organic binder. **: n : no a 

13. A composite material as claimed m any of claims 1 to 12 containing a ^ 

rx)l^elecfrolyte matcria | ^ claimed in claim 1 substantially as herein described 

15! A process for the production of a composite material as claimed m claim 1 
substantially as herein described. 
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16 Cellulose-containing materials as defined in claim 1 which are impregnated with a 

^ A p^sstfmelroduction of materials as claimed in claim 16 substantially as 
herein described. 5 
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